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The structure of the title compound {systematic name: 4-[4-(4- 
chlorophenyl)-4-hydroxypiperidin-l-yl]-A^,A'-dimethyl-2,2-di- 
phenylbutanamide monohydrate}, C29H33CIN2O2H2O, has 
been redetermined at 170 (2) K. The redetermination is of 
significantly higher precision than the previous structure 
determination at room temperature and includes the H-atom 
coordinates that were not included in the previous report 
[Germain et al. (1977). Acta Cryst. B33, 942-944]. It consists of 
a piperidin-l-yl ring in a distorted chair conformation, with the 
A',A L dimethyl-a,a-diphenylbutyramide and the 4-chloro- 
phenyl and hydroxy groups bonded in para positions and an 
external water molecule within the asymmetric unit. The 
dihedral angles between the mean plane of the piperidine ring 
and the 4-chlorophenyl and two benzene rings are 83.4 (5), 
76.4 (2) and 85.9 (2)°, respectively. The two benzene rings are 
inclined to one another by 50.8 (6)°. In the crystal, molecules 
are linked by O— IT ■ O and O— H- • N hydrogen bonds and 
weak C— H- ■ O intermolecular interactions, forming an 
infinite two-dimensional network along [110]. 

Related literature 

For the pharmacological properties and therapeutic efficacy of 
loperamide, see: Heel et al. (1978). For the crystal structure of 
loperamide hydrochloride tetrahydrate, see: Caira et al. 
(1995). For the crystal structure of loperamide TV-oxide 
hydrate, see: Peeters et al. (1996). For the crystal structure of 
the title compound, see: Germain et al. (1977). For puckering 
parameters, see: Cremer & Pople (1975). 
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Experimental 

Crystal data 

C29H 33 C1N 2 0 2 H 2 0 
M r = 495.04 
Orthorhombic, Pbca 
a = 16.7869 (4) A 
b = 15.1506 (6) A 
c = 20.6617 (6) A 

Data collection 

Oxford Diffraction Xcalibur Eos 

Gemini diffractometer 
Absorption correction: multi-scan 

(CrysAlis RED; Oxford 

Diffraction, 2010) 

Tna,, = 0.989, r max = 1.000 

Refinement 

R[F 2 > 2a(F 2 )} = 0.044 

wR(F 2 ) = 0.107 

S = 1.04 

6247 reflections 

330 parameters 

4 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 5254.9 (3) A J 
Z = 8 

Mo Ka radiation 
fl = 0.18 mm~' 
T = 170 K 

0.45 x 0.30 x 0.20 mm 



48373 measured reflections 
6247 independent reflections 
5231 reflections with 7 > 2o"(7) 
R in , = 0.033 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.27 e A~ 3 

Ap mi „ = -0.29 e A~ 3 



D-H-A 


D-H 


H- • A 


D-A 


D-n-A 


o\w-H2w- ■ or 


0.89 (2) 


2.10 (2) 


2.9684 (19) 


168 (3) 


OIW-HIW- ■ N2 


0.90 (2) 


2.06 (2) 


2.9132 (18) 


160 (2) 


02-H20- ■ Ol" 


0.83 (2) 


1.97 (2) 


2.7333 (15) 


153 (2) 


C28-H28/J- ■ OW™ 


0.96 


2.42 


3.369 (3) 


171 


Symmetry codes: (i) — x - 


r%y-\, z;(n) 


-x + \,y + \ 


, z; (iii) x — \, -y - 


4, -z + i. 



Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis RED (Oxford 
Diffraction, 2010); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTE (Sheldrick, 2008) 
and DIAMOND (Brandenburg, 1998); software used to prepare 
material for publication: SHELXTL. 

ASD and HSY thank the University of Mysore for research 
facilities and R. L. Fine Chem, Bangalore, India, for the gift 
sample. JPJ acknowledges the NSF-MRI program (grant No. 
CHE1039027) for funds to purchase the X-ray diffractometer. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LX2225). 
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Redetermination of loperamide monohydrate 

J. P. Jasinski, C. J. Guild, A. S. Dayananda, H. S. Yathirajan and A. R. Ramesha 
Comment 

Loperamide, a butyramide derivative is a new agent for use in symptomatic control of acute non-specific diarrhoea and 
chronic diarrhoea. Loperamide is a synthetic piperidine derivative, an opioid drug effective against diarrhea resulting from 
gastroenteritis or inflammatory bowel disease. Loperamide is an opioid-receptor agonist and acts on the (0,-opioid receptors 
in the myenteric plexus of the large intestine; by itself it does not affect the central nervous system like other opioids. A 
review of its pharmacological properties and therapeutic efficacy in diarrhoea is reported (Heel et ah, 1978). The crystal 
structures of loperamide hydrochloride tetrahydrate (Caira et ah, 1995) and loperamide N-oxide hydrate (Peeters et ah, 
1996) have been reported. The crystal structure of the title compound was first reported [Germain, et ah (1977) Acta Ciyst. 
B33, 942-944] with an R value of 9% at room temperature. The present paper is a redetermination of the title compound, 
C29H33CIN2O2CI . H2O, at 170 (2) K with a high accuracy, hydrogen atom coordinates and an R value of 4.39%. 

The title compound, is a synthetic piperidine derivative, an opioid drug effective against diarrhea resulting from gast- 
roenteritis or inflammatory bowel disease. It consists of a piperidin-l-yl ring (distorted chair conformation with (Cremer 
& Pople, 1975) puckering parameters Q, 9 and 9 of 0.5771 (4)A, 173.87 (14)° and 195.2 (14)°), with N,N-dimethyl-a,a-di- 
phenylbutyramide and p-chlorophenyl and hydroxy groups bonded in para positions and an external water molecule within 
the asymmetric unit (Fig. 1). The dihedral angles between the mean planes of the piperidin-l-yl ring, chlorophenyl and 
two benzene rings are 83.4 (5)°, 76.4 (2)° and 85.9 (2)°, respectively. The two benzene rings are separated by 50.8 (6)°. 
Crystal packing (fig. 2) is stabilized by 02 — H20 - 01 hydrogen bonds from the molecule along with 01 w — H2w-02 
and Olw — Hlw N2 hydrogen bonds and weak C28 — H28B - 01w intermolecular interactions between the monohydrate 
water molecule and the title compound (Table 1) forming an infinite 2-D network along [1 10]. 

Experimental 

The title compound was obtained as a gift sample from R. L. Fine Chem, Bangalore. X-ray quality crystals were obtained 
by slow evaporation of dimethylformamide solution (m.p.: 403-407 K). 

Refinement 

Hlw, H2w andH20 were located by a difference map and refined isotropically. Owl with HI w andH2w were set to DFIX = 
0.85 (2)A, while Hwl and Hw2 were set to 1.35 (2)A. H20 with 02 was set to 0.82 (2)A. All of the remaining H atoms were 
placed in their calculated positions and then refined using the riding model with Atom — H lengths of 0.93A (CH), 0.96A 
(CH2) or 0.97A (CH3). Isotropic displacement parameters for these atoms were set to 1.18-1.21 (CH, CH2) or 1.49-1.50 
(CH3) times U £ q of the parent atom. 
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Figures 




Fig. 1. Molecular structure of the title compound showing the atom labeling scheme and 50% 
probability displacement ellipsoids. H atoms are presented as small spheres of arbitrary radi- 
us. 



Fig. 2. A view of the Ow— H-O, Ow— H-N, O— H-0 and C — H-Ow interactions (dotted 
lines, Ow : H2O) in the crystal structure of the title compound. H atoms non-participating in 
hydrogen-bonding were omitted for clarity. [Symmetry codes : (i) -x + 3/2, y - 1/2, z; (ii) - x + 
3/2, y + 1/2, z; (hi) x - 1/2, - y + 1/2, - z + 1 .] 



4-[4-(4-chlorophenyl)-4-hydroxypiperidin-1-yl]-iV,iV-dimethyl- 2,2-diphenylbutanamide monohydrate 



Crystal data 
C 29 H 33 C1N 2 0 2 -H 2 0 
M,- = 495.04 

Orthorhombic, Pbca 
Hall symbol: -P 2ac 2ab 
a = 16.7869 (4) A 
b = 15.1506 (6) A 
c = 20.6617 (6) A 
V= 5254.9 (3) A 3 
Z=8 



J F(000) = 2112 

D x = 1.251 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 15584 reflections 

6 = 3.1-32.3° 

|i = 0.18mm _1 
T= 170 K 
Chunk, colorless 
0.45 x 0.30 x 0.20 mm 



Data collection 



Oxford Diffraction Xcalibur Eos Gemini 
diffractometer 

Radiation source: Enhance (Mo) X-ray Source 
graphite 

Detector resolution: 16.1500 pixels mm" 1 
co scans 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford Diffraction, 2010) 

r min = 0.989, r max = 1.000 

48373 measured reflections 



6247 independent reflections 

523 1 reflections with / > 2a(7) 
R int = 0.033 

Qmax = 27.9°, 6 m j n = 3.1° 

h = -22^22 
/t = -19->19 
/ = -27->27 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.044 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: difference Fourier map 
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H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 (F 0 2 ) + (0.0415.P) 2 + 2.2656P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Ap m ax = 0.27 e A~ 3 
Ap min = -0.29eA" 3 



Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


II- *ITI 


Cll 


1.17722 (2) 


0.58038 (4) 


0.26920 (2) 


0.06055 (15) 


Nl 


0.47942 (7) 


0.28878 (9) 


0.58732 (6) 


0.0379 (3) 


N2 


0.74378 (6) 


0.48771 (7) 


0.48602 (5) 


0.0261 (2) 


Ol 


0.56971 (7) 


0.30669 (7) 


0.50943 (5) 


0.0394 (3) 


02 


0.85002 (6) 


0.68017 (7) 


0.44131 (5) 


0.0367 (2) 


H20 


0.8828 (11) 


0.7037 (13) 


0.4658 (9) 


0.059 (6)* 


OIW 


0.75307 (10) 


0.33121 (10) 


0.40445 (7) 


0.0636 (4) 


H1W 


0.7543 (17) 


0.3701 (14) 


0.4371 (11) 


0.101 (9)* 


H2W 


0.7248 (16) 


0.2875 (14) 


0.4215 (13) 


0.114(11)* 


CI 


1.09073 (8) 


0.58308 (12) 


0.31591 (7) 


0.0390 (4) 


C2 


1.06820(9) 


0.66035 (11) 


0.34473 (8) 


0.0435 (4) 


H2 


1.0998 


0.7104 


0.3408 


0.052* 


C3 


0.99766 (9) 


0.66366 (10) 


0.37999 (8) 


0.0369 (3) 


H3 


0.9822 


0.7165 


0.3992 


0.044* 


C4 


0.95013 (8) 


0.58960 (9) 


0.38694 (6) 


0.0288 (3) 


C5 


0.97593 (9) 


0.51173 (11) 


0.35815 (8) 


0.0417 (4) 


H5 


0.9455 


0.4609 


0.3630 


0.050* 


C6 


1.04572 (10) 


0.50782 (12) 


0.32247 (8) 


0.0454 (4) 


H6 


1.0618 


0.4552 


0.3033 


0.054* 


C7 


0.87288 (8) 


0.59170 (9) 


0.42628 (6) 


0.0269 (3) 


C8 


0.80218 (8) 


0.55421 (10) 


0.38837 (6) 


0.0303 (3) 


H8A 


0.7906 


0.5926 


0.3520 


0.036* 


H8B 


0.8163 


0.4966 


0.3714 


0.036* 


C9 


0.72810 (8) 


0.54558 (10) 


0.43032 (6) 


0.0305 (3) 


H9A 


0.7120 


0.6035 


0.4456 


0.037* 



wR(F 2 ) = 0.107 

S= 1.04 

6247 reflections 
330 parameters 
4 restraints 

Special details 
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Atomic displacement parameters (A 2 ) 
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0.0352 (8) 


0.0369 (7) 


0.0051 (7) 


-0.0063 (7) 


0.0078 (6) 


C25 


0.0403 (8) 


0.0370 (8) 


0.0263 (6) 


-0.0042 (6) 


0.0009 (6) 


0.0034 (6) 


C26 


0.0335 (7) 


0.0266 (7) 


0.0299 (7) 


-0.0005 (6) 


0.0066 (5) 


-0.0011 (5) 


C27 


0.0326 (7) 


0.0238 (6) 


0.0302 (7) 


0.0043 (5) 


-0.0001 (5) 


-0.0019(5) 


C28 


0.0468 (10) 


0.0601 (12) 


0.0723 (12) 


-0.0139 (9) 


-0.0054 (9) 


-0.0236 (10) 


C29 


0.0404 (9) 


0.0603 (11) 


0.0500(10) 


-0.0135 (8) 


0.0 1 27 (7) 


-0.0020 (8) 



Geometric parameters (A, °) 



Cll— CI 


1.7440(15) 


C12— H12A 
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Nl— C27 


1.3419(18) 


C12— H12B 
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Nl— C29 


1.457 (2) 


C13— C14 
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C13— H13B 
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N2— C9 


1.4705 (16) 


C14— C15 
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N2— C12 


1.4743 (16) 


CI 4— C21 


1.5493 (18) 
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PTC P1< TJO/1 

C25 — C24 — H24 


1 Tn a 
120.4 


PT1 PT/1 tn/i 

L-23 — P24 — H24 


1 Tn a 
120.4 


pij PTC pt/; 
C24 — P25 — P2o 


1 Tn o/; { 1 1\ 
120. So (13) 


PT/1 PTC TJTC 

C24 — P25 — H25 


iin/; 

ny.o 


PT/: PTC TJTC 

P2o — P25 — H25 


1 1 n /; 

ny.o 


PTC PT£ PT1 

C2 j — C2o — C2 1 


1 Tn "7/1 1 1 1\ 
12U. /4 (13) 


ptc pt/; tjt/; 
C25 — P2o — HZO 


iin/; 

ny.o 


pti pt/; tjt/; 
P2 1 — P2o — HZO 


i in £ 

i ly.o 


p.1 pn \ti 
(Jl — C2 / — JN 1 


iin /;i ni\ 

ny.o3 (13) 


p.1 pn pi/1 
Ul — C2 / — P14 


1 1 n i /; /i t\ 
liy.3o (12) 


\ri pt T PU 

JN 1 — C2 / — C14 


1 Tn n/; 1 1 t\ 
120.yo (12) 


\ri PTO TJTO A 

JN 1 — C2S — H2SA 


1 nn c 

ioy.5 


\ri PTO TJTOT3 

JN 1 — P26 — H26ri 


1 nn c 

ioy.5 


tjt O A PTO TJTOT5 

HZ 5 A — P2 5 — HZ SB 


1 nn c 

ioy.5 


\T| PTO TJTOP 

JN 1 — C2S — H2SC 


1 nn c 

ioy.5 


TJTOA PTO TJTOP 

H2SA — C2S — H2SC 


1 nn c 

ioy.5 


TJTOT3 PTO TJTOP 

H2SJ3 — P2S — H2SP 


1 nn c 

ioy.5 


Nl— C29— H29A 


109.5 


Nl— C29— H29B 


109.5 


H29A — C29 — H29B 


109.5 


Nl — C29 — H29C 


109.5 


H29A — C29 — H29C 


109.5 


H29B — C29 — H29C 


109.5 


C13— C14— C15— C16 


108.68 (14) 


C21— CI 4— CI 5— C20 


53.60 (16) 


C27— CI 4— CI 5— C20 


176.46 (12) 


CI 3— CI 4— CI 5— C20 


-63.74 (15) 


C20— CI 5— CI 6— C17 


-2.2 (2) 



C14— C15— C16— C17 -174.70 (14) 
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p~7 r~"A r*c P£ 
C / — C4 CD — Co 


— 1 /y. /O (14) 


nc pi<r pn pip 
C1D — Clo — CI / — CIS 




U.3 (3) 


pt p 1 p/: pc 
C2 — CI — Co — CD 


1.0(3) 


P1<: pn pin P1P1 

Clo — CI / — Clo — C19 




1.8 (3) 


pi 1 p 1 p/: pc 
Cll CI — Co — CD 


1*70 \f\f\1\ 

— \ /o.lU (13) 


n~7 no nn nn 
C 1 / — C 1 0 — C 1 y — C2U 




-1.0 (Z) 


p/i pc p*; pi 
C4 — CD — Co — C 1 


0.5 (3) 


no no nn nc 
C 1 0 — C 1 y — CzU — C 1 D 




A 1 /OA 

0.1 (2) 


pi p/i p~7 f\") 
C3 — C4 C / — U2 


1111 { i o\ 

12.31 (lo) 


pic nc pin nn 
C 1 0 — C 1 D — C2U — c i y 




1 .9 (2) 


PC p/i p-7 r\~> 

CD — C4 C / — UZ 


— loy.iz (1 3) 


n A nc pin nn 
C14 — C1D — CzU — ciy 




1 "7/1 "71 1\ 

1 /4. /3 (13) 


pi p/i r^n po 
C3 — C4 C / — CO 


Izy.Uz (14) 


nc n a rn n^ 
C 1 D — C 1 4 — Cz 1 — Czo 




4.JZ (lo) 


PC C^A r*H pq 
CD — C4 C / — Co 


0 /ri (\H\ 

— Dz.ol (1 /J 


pn n a pii p');: 
Cz / — C 1 4 — Cz 1 — Czo 




— LZZ.jZ (14) 


pi p/i p~7 n i 
C3 — C4 C / — C 1 1 


nn /1 c\ 
— 11U.U2 (ID) 


ni n a pn pi/ 
C13 — C14 — C21 — C2o 




lzz.lv (14) 


pc p/i p~7 n i 
CD — C4 C / — C 1 1 


/;o /i /;\ 
00. 3D (16) 


pk pn pn m 
C 1 D — C 1 4 — C2 1 — C22 




-1 /4.ol (IZ) 


r\^t p~7 po pn 
(J2 — C / — Co — CV 


-00. Do (14) 


pt7 n a pn pn 
C2 / — C 1 4 — C2 1 — C22 




(Id) 


P/1 P"7 PO Pn 

C4 — C / — Co — CV 


1"71 "7/1 /ill 

1 /2./4 (11) 


pn pii pn pn 
C 1 3 — C 1 4 — C2 1 — C22 




— DO.yj (1j) 


P1 1 p~7 po pn 

ci i — c / — Co — cy 


C 1 1/1/1 c\ 

D1.34 (ID) 


pi/ pn pn pn 
C2o — C2 1 — C22 — C23 




-2.1 (2) 


pi/1 Ml pn po 

c i u — jn 2 — cy — Co 


bl.lb (14) 


pii pn pn pn 
C 1 4 — C2 1 — C22 — C23 




1//.1U(1D) 


mi pn po 
C 1 2 — JN 2 — Cy — Co 


1 -7C on /I 11 
—1 /D.OU (11) 


pn pn pn pn 
C2 1 — C22 — C23 — C24 




0.1 (3) 


p~7 po pn \n 

c / — Co — cy — JN 2 


CO O/i / 1 c\ 

-Do. 00 (ID) 


pn pn pn ptc 
C22 — C23 — C24 — C2D 




1.5 (3) 


pn \n pin pi i 
cy — JN 2 — C 1 U — C 1 1 


/: 1 ic /1 c\ 
-61. 2D (ID) 


pn pn pic pit 
C23 — C24 — C2D — C2o 




-1.1 (2) 


C12 — JN2 — C1U — Cll 


1"7"7 in mi 
1 / /.1U (12) 


pn pic pi/r pn 
C24 — C2D — C2o — C2 1 




n n 

-0.9 (2) 


\n nn rn p~7 
JN2 — C1U — Cll — C/ 


c/: ci /1 t\ 
D6.D4 (1 /) 


pn pn pit ptc 
C22 — C2 1 — C2o — C2D 




2.5 (2) 


p.^ p~7 rn pin 
U2 — C/ — Cll — C1U 


£A A 1 / 1 C\ 

64. Ul (ID) 


pn pn pi/; ptc 
C14 — C21 — C2o — C2D 




—1 /o.o4 (13) 


p/i p~7 n i pin 
C4 — C / — C 1 1 — C 1 U 


—1 /3.13 (Iz) 


pin mi pn p,i 

c/y — JN 1 — Cz / — d 




1 *7i ni (\ £.\ 
1 /3.V3 (lo) 


po p-7 rii pin 
Co — C / — C 1 1 — C 1 U 


rn i r /i /r\ 

— DU.lo (10) 


piq \t i pn p,i 
Czo — JN 1 — Cz / — Ul 




-0.3 (2) 


pin mo pit pii 
C1U — JNz — Clz — CI 3 


71 / I CI 

— /I. zo (ID) 


PTQ Ml pn P1/1 

Czy — JN 1 — Cz / — C 1 4 




-3.6 (2) 


xk> no p 1 1 
Cy — JN 2 — C 1 2 — C 1 3 


1 /: o 11 /i i\ 
160.1 1 (11) 


pio \T| PT7 pi 1 

C2o — JN 1 — C2 / — C14 




1 "7"7 Ol / 1 A\ 

— 1 / /.83 (14) 


N2— CI 2— CI 3— C14 


-174.15 (11) 


C15— C14— C27— Ol 




121.16(13) 


C12— C13— C14— C15 


-50.72 (15) 


C21— C14— C27— Ol 




-111.12(13) 


C12— C13— C14— C21 


-173.99 (11) 


C13— C14— C27— Ol 




2.55 (17) 


C12— C13— C14— C27 


72.30 (15) 


C15— C14— C27— Nl 




-61.33 (16) 


C21— C14— C15— C16 


-133.97 (13) 


C21— C14— C27— Nl 




66.39 (15) 


pi /i pic pi <c 
C2 / — C 1 4 — C 1 D — C 1 o 


11 1 1 /1 Q\ 

— 11.12 (lo) 


P11 P 1 A PT7 Ml 

C 1 3 — C 1 4 — C2 / — JN 1 




1 "7n n/i ini 
— 1 /9.y4 (12) 


Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


H-A 


D-A 


D— H •• 


OIW— H2W-02' 


0.89 (2) 


2.10(2) 


2.9684(19) 


168 (3) 


OIW— H1W-N2 


0.90 (2) 


2.06 (2) 


2.9132 (18) 


160 (2) 


02— H20-01" 


0.83 (2) 


1.97(2) 


2.7333 (15) 


153 (2) 


C28— H28B-01W m 


0.96 


2.42 


3.369 (3) 


171. 


Symmetry codes: (i) -x+3/2, j>-l/2, 


z; (ii) -x+3/2, j>+l/2, z; (iii) x-1/2, -y+l/2, -z+1. 
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